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Abstract 
The ecological "health" of aquatic ecosystems is important to scientists, 
resource managers, and the general public. In order to properly protect or 
restore the integrity of an aquatic system we must first accurately assess its 
present condition. The Index of Biotic Integrity (IBI) is a relatively new approach 
to this problem which utilizes the characteristics of a lake's fish assemblage to 
assess lake health. My study focused on developing an Index of Biotic Integrity 
for several small lakes in New York. The objectives of my study were to (1) 
select metrics applicable to the set of eight small lakes, (2) calculate an Index of 
Biotic Integrity for these lakes, and (3) to evaluate the ability of the IBI to estimate 
the condition of the lakes in terms of anthropogenic impact. The results of the 181 
assessment were evaluated via comparison with assessments based on two 
other methods: a standard rating based on water quality and watershed data and 
a modification of the Trophic State Index (TSI). Results showed that neither the 
181 or TSI could accurately assess the level of anthropogenic impact completely. 
Although the 181 was unable to correctly assess the level of impact on all study 
lakes, the results were encouraging and several metrics showed promise for 
uses outside the realm of the IBI. Furthermore, a comprehensive assessment 
based on the results of all three methods used in this study produced the best 
overall results. 
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Introduction 
The ecological "health" of aquatic ecosystems is of great importance to scientists, 
resource managers, and the general public. Section 101 of the Clean Water Act 
requires that both state and federal governments "restore and maintain the chemical, 
physical and biological integrity of the Nation's waters" (USEPA 1998). In order to 
properly protect or restore the integrity of an aquatic system one must first accurately 
assess its present condition. Several different methods to assess aquatic systems have 
been used over time, including sampling of individual contaminants in sediments and 
the water column, measurement of water quality parameters, examination of plankton 
and macroinvertebrate assemblages, and more recently examination of fish 
communities. Due to the high variability between one aquatic ecosystem and the next, 
development of a standard methodology has been elusive. 
The use of fish for measuring environmental degradation is advantageous for a 
number of reasons. Fish are sensitive to a variety of direct stresses such as chemical 
pollutants, increased turbidity, decreased dissolved oxygen, etc. Although fish are more 
mobile than other organisms, such as invertebrates, the smaller fish species (which are 
also some of the most intolerant) are not able to venture as far as one would think due 
to strict habitat requirements and predation risks, not to mention their small size. Fish 
integrate the effects of complex stresses on other constituents of the ecosystem through 
their dependence on those components for survival, reproduction, and growth. Also, 
the long-lived nature of fish allows for the detection of historical stresses which may 
manifest themselves in reproductive failure or high mortality of specific age classes. 
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Finally, the health of fish can be directly related to the public in terms of environmental 
health (Fausch et al. 1990). 
The biological integrity of aquatic ecosystems has been defined as "the capability 
of supporting and maintaining a balanced, integrated, adaptive community of organisms 
having a species composition , diversity, and functional organization comparable to that 
of natural habitat of the region" (Fausch et al. 1990). Natural non-impacted sites exhibit 
high biological integrity, while human activity usually results in decreased integrity. An 
Index of Biotic Integrity (IBI) is a model which combines attributes, termed metrics, of 
fish species assemblages. The metrics used in an IBI are then analyzed and used as 
measures of human disturbances (Schulz et al. 1999). A number of studies in streams 
have correlated IBI scores with human impacts. Karr et al. (1986) reported a correlation 
between sewage effluent and IBI scores, while Steedman (1988) found similar 
relationships between IBI scores and both urbanization and loss of riparian habitat. In 
the past the application of IBls has been focused mainly on flowing waters; however, in 
recent years they have been used successfully for lakes and reservoirs (Minns et al. 
1994, Jennings et al. 1995). 
The IBI has the advantage of being a broadly based ecological index which is 
sensitive to a wide spectrum of perturbations (Fausch et al. 1990). A number of 
environmental characteristics are integrated within an IBI, including community, 
population, and individual organism attributes. The metrics used in an IBI are integral to 
the applicability of the results. Each metric must be capable of showing a distinct 
change in the presence or absence of degradation. For instance, both a decrease in 
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the number of intolerant species, or an increase in the proportion of omnivorous 
species, would indicate a degradation of the aquatic system (Hoefs and Boyle 1992). 
Metrics are generally of five types: species richness and composition, local 
indicator species, trophic composition, fish abundance, and fish condition (Steedman 
1988). A number of metrics have been tested in a variety of situations with mixed 
results. The consensus among researchers is that the metrics used must be chosen 
specifically for the system that is being studied. Otherwise, the application of a set of 
generally accepted metrics to a variety of sites yields results which are not interpretable 
(Miller et al. 1988, Jennings et al. 1999, Thoma 1999, Whittier 1999). 
The metrics applied in an IBI are each assigned a score of 5, 3, or 1 depending 
on whether their value is comparable to, somewhat different from , or deviates strongly 
from an expected value. The expected value or reference condition, which can be set 
before or after sampling begins, provides a baseline for a relatively unperturbed water 
body of similar size in the same region (Steedman 1988). For example, an expected 
value for the number of piscivorous species may be 6. An observed value of 0 
piscivores would produce a metric score of 1, the lowest possible. All metric scores are 
summed, yielding a range of values which are then used to assign the area in question 
to one of five classes which have biological meaning (Table 1 ). Although the metrics 
used in an IBI may not be completely independent, the redundancy acts as a strength . 
For example, metrics may have different ranges of sensitivity that overlap. This 
produces an increase in the robustness of the index as a whole (Fausch et al. 1990). 
An Index of Biotic Integrity .based on fish communities should provide a good 
method of assessing the ecological health of a lake. Fish are ubiquitous in lakes, 
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except those that are severely polluted. Fish are easy to collect and identify, and 
samples generally can be processed at the site. Also, fish communities consist of a 
variety of species at a range of trophic levels that utilize both autochthonous and 
allochthonous food. In addition, the general public can re late to statements about 
conditions of fish communities, and the results of fish assessments are directly 
associated to the 'fishable waters' mandate of Congress (Karr 1981). This method of 
measuring the impacts of human activity on a water body may hold much promise for 
the future of biological assessment and monitoring. 
Another index, which uses water quality data to estimate the state of lakes, is the 
Trophic State Index (TSI). The TSI , developed by Carlson in 1977, makes possible a 
trophic characterization that is not limited to nomenclatural classes (oligotrophic, 
mesotrophic, eutrophic), which are often ambiguous .with no clear delineations. Since 
the index is based on a numerical scale (0 - 100), it allows a continuous range of 
trophic state classifications. The TSI can also be used to determine whether increased 
nutrients or sediment loading are causing changes in a lake. These mechanisms of 
eutrophication can be linked to human activity, and thus the index can in turn quantify 
anthropogenic impacts (Carlson 1977). According to Carlson, the TSI does not only 
classify the trophic state of a lake, but it can also "serve as an internal check on 
assumptions about the relationships among various components of the lake 
ecosystem." 
Carlson's TSI uses three measures, Secchi depth, chlorophyll-a, and total 
phosphorus, to produce three independent measures of trophic state (USEPA 1998). 
These measurements are entered into specific formulas which produce a numerical 
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value for each (see Methods section). Index values range from 0 (ultraoligotrophic) to 
100 (hypereutrophic). The Secchi transparency represented by a TSI of O is 64 m, and 
each 1 O TSI units represents a halving of Secchi depth and a doubling of algal biomass 
(Carlson 1977). With this scaling method a TSI score of 50 represents a Secchi depth 
of 2 m, which is approximately the division between oligotrophic and eutrophic status 
(USEPA 1998). Using three separate measures allows the user to not only index the 
trophic state of a lake but also to acquire some information about the dynamics therein. 
If all three TSI values are approximately equal then phosphorus is said to limit algal 
growth, and if they are unequal then other interpretations are possible (USE PA 1998). 
It may be possible to use the TSI as a standard of trophic measurement with which 
comparisons can be made between both the biological and chemical components of a 
lake system that are related to trophic status (Carlson 1997). 
The main objective of my study was to develop an Index of Biotic Integrity, based 
on a set of fish community metrics, for several small lakes in New York and to evaluate 
the ability of the IBI to estimate the condition of these lakes in terms of watershed 
disturbances and anthropogenic impacts. As in Schulz et al. (1999), the ability of each 
metric to approximate the extent of anthropogenic impacts and watershed disturbances 
was examined, along with the relationships between fish assemblage data and several 
factors that affect fish communities. The Trophic State Index was also calculated for 
each lake and compared to the results of the IBI. Before calculating the indices, each 
lake was assessed in terms of anthropogenic impact based on a variety of watershed 
and water quality variables. In this way it was possible to examine the results of two 
very different indices and their abilities to assess anthropogenic impacts on lakes. 
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Study Areas 
Eight lakes were examined in my study, ranging across a large portion of western 
and central New York. Although the distance between the lakes is large, they occur in 
fairly similar geography, lying on either the Erie/Ontario Lake Plain or the Northern 
Appalachian Plateau and Uplands (Figure 1, Halliwell et al. 1999). Lakes were chosen 
based on similarity in size and depth. The lakes used in my study were Cuba, Silver, 
Canadice, Waneta, Lamoka, Neatahwanta, Panther, and Cross. For purposes of 
comparison, one highly impacted lake (Neatahwanta) and one nearly unimpacted lake 
(Canadice) were included. A summary of the general characteristics of each lake is 
presented in Table 2. 
Cuba Lake is the result of an impoundment on Oil Creek and is located just east 
of Cuba, NY. Cuba Lake covers 2.0 km2 (493 acres) and has a maximum depth of 19.9 
m (46 ft) . The watershed for this lake consists of a large amount of forested land and 
limited agriculture. 
Silver Lake is a relatively small (3.4 km2, 836 acres) glacial lake in Wyoming 
County, New York. This lake is approximately 4.8 km (3 mi) long and 0.8 km (0.5 mi) 
wide with a maximum depth of 11 .3 m (37 ft). Walleye ( Stizostedion vitreum vitreum) 
were stocked annually in Silver Lake until 1995 in an attempt to restore the historically 
occurring population (Evans 1999). Unlike most lakes in this region , Silver Lake has 
escaped infestation by problematic aquatic invaders including alewives (Alosa 
pseudoharengus) and dreissenid mussels (Oreissena spp.) (Joe Evans, NYSDEC 
Region 9, pers. comm.). 
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Canadice Lake is the smallest Finger Lake, covering 2.7 km2 (672 acres). The 
maximum depth of Canadice is 29.0 m (95 ft) . Lake trout (Salvelinus namaycush) , 
rainbow trout (Oncorhyncus mykiss), and brown trout (Sa/mo trutta) are stocked 
annually, and both alewives and dreissenid mussels have been introduced into 
Canadice Lake (Lane, 1996). The Canadice Lake watershed is heavily forested with 
very little development. The shores are devoid of any buildings and are entirely natural 
riparian vegetation. Canadice Lake serves as a backup water supply for Rochester, NY 
and therefore its water quality is monitored and controlled rigorously. 
Approximately 8.1 km (5 mi) southeast of Keuka Lake are Waneta and Lamoka 
Lakes. Both are the products of impoundments on Mud Creek. Waneta Lake covers 
3.3 km2 (813 acres) and has a maximum depth of 8.8 m (29 ft), while Lamoka Lake is 
2.4 km2 (588 acres) and has a maximum depth of 14:3 m (47 ft) . Waneta Lake has 
been sporadically stocked with muskellunge (Esox masquinongy) since 1954 (Kosowski 
1998). Alewives are found in both lakes, and the aquatic macrophyte Eurasian 
watermilfoil (Myriophyllum spicatum) is prevalent and problem-causing from early 
summer to late fall. 
Just west of Fulton, NY is Lake Neatahwanta. This lake covers 3.0 km2 (749 
acres) and is a maximum of 3.7 m (12 ft) deep. Tiger muskellunge (Esox lucius X Esox 
masquinongy) were stocked sporadically between 1982 - 1992 but the fishery is 
essentially ignored now (Bishop 1994). According to Dan Bishop (Region 7 NYSDEC, 
pers. comm.), Lake Neatahwanta is very heavily impacted by pollution and agricultural 
runoff. 
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Panther Lake is located 9.7 km (6 mi) north of Oneida Lake. This lake is quite 
small (1 .3 km~. 320 acres) with a maximum depth of 7.9 m (26 ft) . Tiger muskellunge 
(Esox lucius x Esox masquinongy) have been stocked in Panther Lake annually since 
1990 (Bishop and Hurst 1996). Though. the watershed is quite small (17.0 km2, 4200 
acres), it is very heavily forested and has few residences or other buildings. Panther 
Lake has the highest density of roads in its watershed (4.4 km/km2) due to the small 
area involved. 
Cross Lake is found just northeast of Weedsport and straddles Cayuga and 
Onondaga counties. This lake is the creation of an impoundment on the Seneca River 
and covers 7.8 km2 (1920 acres). Cross Lake has a maximum depth of 19.8 m (65 ft), 
and the fish assemblage is strongly influenced by an influx of species from the Seneca 
River. The shores of Cross Lake are heavily developed and the watershed is primarily 
used for agriculture. Cross Lake has also been invaded by dreissenid mussels, most 
likely from Seneca Lake via the Seneca River. Although alewives are not recorded in 
Cross Lake it is probable that they are present, due to the influence of the Seneca 
River. 
Materials and Methods 
Anthropogenic Impact Assessment 
A number of methods were used to assess the level of anthropogenic impact on 
each lake before using the 181. Water samples were collected from each lake on three 
dates between June 26 and October 7, 2001. Using these samples a water quality data 
set was produced for each lake which included measurements of dissolved oxygen with 
a field test kit (LaMotte Co., Chestertown, MD), transparency (Secchi disk), nitrate 
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nitrogen (automated Cadmium reduction), total Kjeldahl nitrogen (TKN; block digestion 
with automated EPA 1977 method), total phosphorus (TP; persulfate digestion with 
automated ascorbic acid method}, chlorophyll-a (extraction and fluorometry) , and 
chloride ion concentration (mercuric nitrate method) (APHA 1995). All laboratory 
analyses were performed at the Center for Applied Aquatic Science and Aquaculture 
(SUNY Brockport, NY) using standard water quality procedures (APHA 1995). At the 
times of water sampling watershed land use was estimated for each lake by personal 
observations, as was the extent and type of development around the shoreline of each 
lake(% farming, % residential , etc.). 
For this assessment method the chloride ion concentrations were the most 
important water quality measure. Chloride concentration has been shown to be a 
quantitative indicator of the density of the human population around a lake. Chloride 
levels increase as a result of septic seepage, water softener use, sewage effluent, 
farming, and runoff (USEPA 1993). This is especially important in the study area, 
considering the thousands of tons of salt that are strewn on roads each winter. 
The density of roads in each watershed was measured in terms of kilometers of 
road per kilometers2 of watershed. Watershed area was estimated based on 
topographic maps of each lake region . On the same maps roads were measured within 
that area and a ratio was obtained. The number of roads in a watershed increases with 
increased human activity, making this a direct measure of disturbance. 
Four distinct measures were used to assign the lakes to impact classes for the 
Anthropogenic Impact Assessment (AIA}. First, the road density in each watershed was 
examined and compared. Based on these values each lake was assigned to one of 
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three categories denoting High, Moderate, or Low anthropogenic impact (modified from 
Fausch et al. 1990). A second method used the actual chloride ion concentration for 
each lake. Based on comparisons of these values lakes were again assigned to one of 
the three aforementioned categories. Finally, lakes were assigned twice more to impact 
categories based on the type and extent of shoreline development, and watershed 
usage. These four separate assessments were then viewed comprehensively, taking 
into account the other water quality data (DO, TKN, nitrate, etc.), to form an overall 
Anthropogenic Impact Assessment for each lake. 
Trophic State Index Modification 
Using the water quality data, a Trophic State Index (TSI) was calculated for each 
lake based on Secchi depths (SD), chlorophyll-a concentrations (chlor-a), and total 
phosphorus (TP) concentrations. The formulas for each TSI measure are as follows 
(USEPA 1998): 
TSl(SD) = 60 - 14.41 * ln(SD) 
TSl(chlor-a) = 30.6 + 9.81 * ln[chlor-a] 
TSl(TP) = 4.15 + 14.421 * ln(TP] 
For example, the average concentration of chlorophyll-a for Lake Neatahwanta was 
71 .3 ug/L, therefore the TSl(chlor-a) was 72.5 ( = 30.6+9.81*1n(71 .3)). These values 
are based on the water samples which were taken in each lake on three different dates 
between June 26 1 and October 7, 2001 (Appendix 1). This temporal range was 
selected because the summer is the season during which each of the three TSI 
measures are the least variable (Carlson 1977). 
I attempted a novel approach ·by using each of the three TSI calculations as 
metrics to produce an 181-style score for each lake. The TSI values for Secchi, 
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chlorophyll-a, and total phosphorus were graphed just as the 181 metrics were (see 
Figures 2-4). The 95th percentile was calculated (PERCENTILE formula in Microsoft 
Excel®) for each metric and this level was used as the reference condition. The 5, 3, 
and 1 score delineations were made and scores were assigned for each lake (see 181 
details below). Since a higher TSI score is indicative of a more eutrophic or more 
impacted lake, the graphs have a score of "1" at the top and a score of "5" at the 
bottom. To assign each metric score, the area on the graph in which a lake's metric 
value fell was noted and used as the metric score. For example, the TSI (Secchi) for 
Cuba Lake was 52.8 (Table 3), which places this lake in the "3" region of the graph of all 
the scores (Figure 2). Therefore, the TSI (Secchi) metric for Cuba Lake is scored a 3. 
The scores were summed and calculated as a percentage of the total possible (3 
metrics with a possible 5 for each = 15). Using this modified TSI (MTSI) method the 
lakes were then assigned to IBl-style impact classes as described below (see Table 1). 
These 181-style impact classes were then converted to fit the Low, Moderate, High 
classes used in the AIA. 
/Bl Data and Metric Selection 
The fish assemblage data used in this study (Appendix 2) were compiled from a 
number of sources provided by New York State Department of Environmental 
Conservation (NYSDEC). Limited new sampling took place in Cuba and Silver Lakes, 
consisting of gill net and trap net sets, and electrofishing. More extensive sampling was 
done in Waneta and Lamoka Lakes . . In these two lakes monthly trap netting and 
electrofishing was done from April to October. Although this data was collected for 
another project it was also used to supplement the 181 fish data for these lakes (see 
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Parnell et al. 2002). Ideally, rigorous fish sampling would have taken place in each lake 
to insure that a representative sample was taken with special consideration given to the 
needs of the IBI (all species represented, small species targeted, etc.). However, due 
to logistical and cost constraints this was not possible. 
A large number of fish assemblage metrics have been used in previous 181 
studies with mixed results (Karr 1981, Steedman 1988, Dionne and Karr 1992, Minns et 
al. 1994, Jennings et al. 1995, Scott and Hall 1997,Thoma 1999, Jennings et al. 1999, 
Schulz et al. 1999, Lyons et al. 2000). To select metrics for th is study the fish 
assemblage data for each lake were examined. After collecting and compiling data, 
graphs were produced for each potential metric. Metrics that were considered 
especially important, or showed the most variation between lakes, were selected as 
candidates as per the method of Smogor and Angermeier (1999). Metrics which 
showed little or no variation, or were not applicable to these lakes, were not used. A 
number of researchers have remarked that species metrics are much more indicative of 
biotic integrity than those based on the number of individuals due to variability in 
sampling gears, therefore, only species based metrics were examined (USEPA 1998, 
Halliwell et al. 1999, Schulz et al. 1999, Lyons et al. 2000). 
Classification of fish (native/exotic, tolerance, trophic guild, habitat, etc.) followed 
criteria which were compiled from a number of sources (Smith 1985, Goldstein and 
Simon 1999, Jennings et al. 1999, Schulz et al. 1999, Thoma 1999) and my own 
knowledge of fish. Exotic species and stocked species (non-reproducing) were not 
used in taxonomic richness metrics (total# species, etc.). Halliwell et al. (1999) and 
Schulz et al. (1999) suggest that exotics and stocked species are too unpredictable in 
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samples, are not replicable, and are not indicative of specific environmental conditions. 
However, these species were used in trophic- and tolerance-based metrics. 
As in a number of past studies (Dionne and Karr 1992, Jennings et al. 1999, 
Schulz et al. 1999), my project focused on a rather varied set of lakes. In order to 
develop a reference condition for this set of lakes all selected metrics were scored and , 
using the method of Thoma (1999), a 95th percentile was calculated for each metric 
(PERCENTILE formula in Microsoft Excel®). This level was used to illustrate the best 
possible score for a metric for my set of lakes. The area beneath the 95th percentile 
was divided into three equal sections and labeled 5, 3, and 1 respectively (see Figures 
5-16). Utilizing this delineation, scores corresponding to 5, 3, and 1 on the 181 scale 
were assigned depending on each lake's metric score and its proximity to the 95th 
percentile, or best possible score for each metric. For example, a lake's metric value 
that occurs in the section labeled "1" would mean the metric score for that lake is a 1. It 
must be kept in mind that the highest value for a given metric may not necessarily be 
the best case for the assemblage. For instance, the more exotic species in a lake, the 
lower the overall "health" of the system. In this case the lake with the lowest number of 
exotic species would receive the highest metric score (5). The scores for each metric 
were summed and each lake was assigned a total 181 score. The highest possible total 
181 score (a theoretical metric score of 5 for each of the 12 metrics, for this case 60) was 
divided into each lake's total 181 score and the result was multiplied by 100 to form a 
percentage. The relationship between a specific lake's 181 percentage score and the 
highest possible 181 percentage score (100%) was used to place it in one of the classes 
found in Table 1. This number was then used to estimate the anthropogenic impact on 
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each lake, resulting in a classification into one of three impact categories (High, 
Moderate, Low impact). 
In the end, each of the eight lakes included in this study were assigned to 
anthropogenic impact classes by three distinct procedures (Table 4) - the 
Anthropogenic Impact Assessment (AIA), the Modified Trophic State Index (MTSI), and 
the Index of Biotic Integrity (IBI). This process produced three separate impact 
assessments for each lake of either high, moderate, or low anthropogenic impact. The 
assignment to these classes, and the corresponding scores for the IBI and MTSI, were 
the basis for all comparisons in this study. 
Statistical Analyses 
Based on the findings of Fore et al. (1994), I decided to use a one-way analysis 
of variance (ANOVA) to determine if the IBI successfully predicted the level of 
anthropogenic impact on a lake. However, due to the small size of the lake set (n = 8) it 
was necessary to use a non-parametric Kruskal-Wallis test for this analysis. The 
percentage scores (0-100) for each index (MTSI and IBI) were analyzed to determine if 
differences existed between assessment classes based on the indices themselves, and 
the classes (High, Moderate, and Low) assigned using the AIA. For example, each lake 
received an 181 score and an impact classification based on the 181 result. The lake was 
also classified based on the AIA. The 181 scores for each lake were analyzed based on 
first the IBI impact classification and then the AIA impact class to detect significant 
differences in IBI scores between impact classes (see Table 4 , Appendix 3). The same 
method was used for the MTS! scores as well. 
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Correlation analyses were used to determine if any relationships existed between 
the individual 181 metric scores and chlorophyll-a concentration, chloride ion 
concentration, surface area, and watershed road density of each lake. Correlations 
were also used to detect relationships between abiotic factors including total 
phosphorus concentration, chloride ion concentration, surface area, and watershed road 
density. In addition, a correlation analysis was used to determine if a relationship 
existed between either total 181 score or MTSI score and chloride ion concentration. 
Prior to correlation analysis all values were transformed by the formula ln(x+1 ). 
Analyses were performed with Minitab® using a significance level of p < 0.05. To 
determine if any metrics were overly redundant correlation analyses were performed 
between all metrics used in this study. A correlation coefficient of 2 0.90 was the 
threshold used to determine if two metrics were essentially measuring the same 
assemblage characteristic (USEPA 1998). In the case of redundant metrics each was 
removed from the 181 individually and the total score was recalculated to determine if 
assessments changed . If an assessment was affected in a significant way then both 
metrics would be examined closer and a determination would be made as to which if 
either should be removed. If no change was sent then one of the metrics would be 
permanently left out of the 181 at my discretion. 
Results 
Anthropogenic Impact Assessment {A/A) 
Personal observations on each lake's watershed/shoreline development gave an 
overall view of what each area was like (Table 2). Lake surface area varied from 1.3 to 
7.8 km2, watershed sizes ranged from 17.0 to 101 .2 km2 , and watershed road densities 
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ranged from 0.7 to 4.4 roads/km2. Land use within the watersheds was quite different, 
ranging from those dominated by urban development and agriculture (Neatahwanta) to 
those with significant stands of forest (Cuba and Canadice). Shoreline usage was 
almost completely residential except for Neatahwanta and Canadice with shorelines 
nearly devoid of structures (Table 2). 
Average chlorophyll-a concentrations ranged from 2.1 to 71 .3 ug/L, total 
phosphorus from 5.9 to 129.3 ug/L, TKN from 420 to 1433.3 ug/L, and nitrate 
concentrations from 0 to 650 ug/L. Average chloride ion levels ranged from 9.6 to 151 .0 
mg/Land dissolved oxygen was very similar in all lakes, with a range from 8.7 to 9.9 
mg/L. Secchi depth and maximum depth showed significant variation from 0.70 to 6.27 
and 3.7 to 29.0 meters respectively (Table 2, Appendix 1). 
Based on chloride levels five lakes had low impact: Cuba, Canadice, Waneta, 
Lamoka, and Panther (Table 4a). Two lakes, Silver and Neatahwanta, were moderately 
impacted, and Cross Lake was heavily impacted. Assessments based on road density 
were slightly different in that Silver had low impact, Cross was moderately impacted, 
and Neatahwanta and Panther had high anthropogenic impact (Table 4a). 
Using shoreline development as an assessment, only Canadice and 
Neatahwanta were classified as slightly impacted while the other six lakes were 
classified as highly impacted (Table 4a). Contrarily, using watershed land use Lake 
Neatahwanta was classified as highly impacted as was Cross Lake (Table 4a). 
Waneta, Lamoka, and Silver were moderately impacted and Cuba, Canadice, and 
Panther showed low impacts. . 
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Taking into consideration each of the separate AIA assessments (chloride levels, 
road density, shoreline development, and watershed land use; Table 4a) along with the 
water quality measurements (Table 2) a final assignment of impact levels was made. 
Cuba, Canadice, Waneta, and Lamoka were impacted only a little, Silver and Panther 
had moderate impact levels and Neatahwanta and Cross had high anthropogenic 
impacts (Table 4a). 
Modified Trophic State Index (MTS!) Calculation 
Each of the TSI calculations for each lake were approximately equal (Table 3), 
affirming the assumption that phosphorus is limiting in each system (USEPA 1998). 
Using the method of scoring the TSI calculations like 181 metrics (Figures 2-4) produced 
a slightly different assessment than the AIA. Lake Neatahwanta and Cross Lake were 
classified as highly impacted with the lowest scores.(20%), while Canadice (100%) was 
impacted very little. Cuba (60%), Lamoka (60%), Panther (60%), Silver (47%), and 
Waneta (47%) were categorized as moderately impacted (Table 4b). 
/Bl Metric Selection 
Data for 24 potential fish metrics were graphed and examined. Metric choice 
was based primarily on variation between lakes but also on my own judgment. One of 
the major criteria for the selection of a metric is its ability to show differences in the fish 
communities between lakes (Figures 5-16). For example, the metric for% invertivore 
species (those fish species which feed primarily on aquatic insects and other 
invertebrates) produced a graph in which all lakes received a score of 5, meaning they 
all were like the "pristine" condition, and therefore useless for distinguishing lakes. 
However, # invertivore species produced a range of scores for the lakes that were 
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useful to distinguish them (Figure 9). Therefore, based on the available fish capture 
data from NYSDEC, these 12 metrics were selected: total# species, #native species, # 
piscivorous species, #omnivorous species, # invertivore species, #intolerant species, # 
tolerant species, # benthic species, # cyprinid species, # small benthic species, % 
phytophilic species, and % exotic species. The metrics for this study include only those 
based on species presence-absence due to the inconsistent data in the DEC records 
For example, some data sets included numbers of each species caught; other sets had 
only designations of abundant, common , rare, etc. 
/Bl Calculations and Results 
A total of 48 fish species were found in my study (Table 5, Appendix 2). The 
maximum number of species occurring in one lake was 24 in Cross Lake (Appendix 2). 
Only six species were found in all eight lakes: yellow perch (Perea f/avescens) , 
largemouth bass (Micropterus salmoides), bluegill (Lepomis macrochirus) , pumpkinseed 
(Lepomis gibbosus), golden shiner (Notemigonus crysoleucas), and brown bullhead 
(Ameiurus nebulosus). 
Of the 48 species found 44 were native, 14 were classified as top 
carnivore/piscivores, 24 as invertivores, and 10 as omnivores/generalists. Benthic 
species numbered 10, and small benthic species comprised 6 of those. Ten species 
were classified as intolerant and 16 as tolerant. Also, 11 species were cyprinids and 18 
were phytophilic (Table 5). 
· The 95th percentile was calculated for each metric and the area below it was 
trisected (Figures 5-16). The highest 181 percentage scores were 87% for Cuba Lake 
and 77% for Cross Lake and Silver Lake (rating of "Good"), while the lowest was 47% 
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(rating of Poor) for Lake Neatahwanta (Table 6) . All of the other lakes were rated "Fair" 
by the 181 (moderately impacted), including Waneta, Lamoka, and Canadice which had 
low levels of anthropogenic impact according to the AIA (Table 4c). The 181 ratings 
(Table 1) were converted into impact classifications like those used by the other two 
methods (High, Moderate, Low; Table 4). 
Comparison of Impact Classifications 
Nearly significant differences were found in 181 percentage scores and the IBI 
impact classes (High, Moderate, Low)(p = 0.067, Appendix 3). However, there was no 
difference between 181 percentage scores and AIA impact classes (p = 0.938, Appendix 
3). 181 percentage scores were different enough to warrant placing lakes into different 
impact categories; however, they did not differ significantly between impact classes. 
No significant differences were found in MTSI scores between MTSI impact 
classes (p = 0.135, Appendix 3) and there were no differences between MTSI scores 
and the AIA impact classes (p = 0.100, Appendix 3). Although MTSI scores could be 
used to assign different levels of impact to the eight lakes they were not significantly 
different between assigned impact classes. 
Taking into account the results of all three assessment methods a 
comprehensive impact assessment was produced for each lake (Table 4c). Cuba and 
Canadice were rated the lowest (L + ), followed by Panther (M), and Silver, Waneta, 
Lamoka (M-). Cross Lake was rated slightly more impacted than the "Moderate" level 
(M+), while Neatahwanta was rated "High" impact (Table 4c). 
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Correlation Analyses 
Chloride ion levels were very strongly related to lake surface area (r = 0.993, p = 
0.001). As expected chlorophyll-a concentrations were strongly correlated with total 
phosphorus (r= 0.938, p = 0.001). A substantial but not statistically significant positive 
relationship was seen between chloride ion concentrations and total phosphorus levels 
(r = 0.655, p = 0.078, Table 7). 
Correlation analyses showed a significant positive relationship (r= 0.768, p = 
0.026) between# invertivore species and lake surface area (Table 7). Significant 
negative associations were found between road density and the # omnivorous species 
(r = -0.803 p = 0.017), the# intolerant species (r = -0.934, p = 0.001), and the# benthic 
species (r= -0.862, p = 0.006). Correlation coefficients showed that the# species 
metric, and the #native species metric were redundant (r = 0.991 ), otherwise there was 
no significant redundancy among fish metrics (Table 8). 
Discussion 
Despite their physical and geographical similarities, the lakes in this study 
actually comprise a very diverse set of fish communities and chemical conditions. 
Some harbor non-indigenous species, purposely stocked or accidentally introduced. A 
wide range of chlorophyll-a, total phosphorus, and chloride ion concentrations was 
found, and Secchi depths differed up to 10-fold. By using a physically similar yet 
chemically and biologically different set of lakes a spectrum of MTSI and 181 values 
were achieved , which is critical to the successful application of these indices. 
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Agreement Among Assessment Methods 
The first point of interest is the difference in lake assessments (High, Moderate, 
Low impact) from one method to the next. Of the eight lakes in this study only 
Neatahwanta and Panther had assessments which were the same across all three 
methods (Table 4c). Lake Neatahwanta is without doubt the most impacted lake in this 
set, so the classification of it as such by all three estimates is important. The 181 
categorized three lakes in the same manner as the AIA, while the MTSI had four (Table 
4c). The fact that the 181 produced impact assessments that were the same (at least for 
some lakes) as those produced by two other indices is important. In my study the AIA 
was assumed to be the most accurate impact estimate. This is because the AIA 
method incorporates measures related directly to human impact (chloride and road 
density), watershed/shoreline development, and the.water quality data set as a whole. 
With this assumption we see that the 181 was able to accurately predict the amount of 
anthropogenic impact in -38% of the study lakes. Had the number of lakes tested been 
higher, as in Schulz et al. (1999) where 60 lakes were used, the 181 may have 
performed even better. For the purposes of this study, with only eight lakes, the 
successful development and implementation of the IBI in nearly half of the study lakes is 
encouraging, especially considering the compromised quality of the fish community data 
obtained. 
The assessment of Lake Neatahwanta as heavily impacted by all three methods 
was pleasing but expected . This lake serves as a reference point within my set of lakes 
for a very heavily impacted lake: However, the assumed pristine condition (Canadice 
Lake) scored lower in the 181 than six of the other lakes (Table 6). Had it not been for 
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the 181 rating of "moderately impacted" Canadice would have been rated low across all 
assessment methods, as it should have been. The reason for this may be the physical 
characteristics of this lake and the fishery it supports. Canadice is far deeper than any 
of the other study lakes and therefore it can support a different fishery. Many species 
are found here that are not found in any of the other lakes for just that reason. Every 
other lake in this study supports a warm-water fishery; however, Canadice supports 
both warm and cold-water fish. Canadice Lake was chosen because it was the best 
"low impact" candidate in the study area. The resulting 181 assessment of this lake 
reinforces the need for carefully selected metrics, as well as the use of similar lakes for 
a specific study area. This result also outlines the inability of the index to compare 
lakes with substantially different physical characteristics and fish communities. 
One interesting result is the extreme variation between the 181 assessment of 
Cross Lake and the assessments based on the other two methods. Both the MTSI and 
the AIA rated Cross Lake as "High" impact, while the 181 rated it "Moderate". I believe 
the reason for this has to do with the lake itself. Created by a Seneca River 
impoundment, Cross Lake houses a fish assemblage which is strongly influenced by the 
river, which in turn is influenced by Seneca Lake. Although the water parameters 
produce assessments which show high levels of impacts it is possible that the proximity 
of this lake to the Seneca River may have a profound positive effect on the fish. 
Although Cross Lake itself has highly developed shorelines, significant watershed 
agriculture, high nutrient levels, low transparency, and extremely high chloride levels, 
the waters further upstream may not. Cross Lake is in fact a slow moving river and the 
upstream areas may be sufficiently unimpacted to support a healthy fish community or 
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provide for one downstream. Since my water sampling and DEC fish sampling did not 
necessarily occur in the same stretches of the lake this is a distinct possibility. 
The attempted modification of the Trophic State Index (MTSI) met with mixed 
success. The MTSI did categorize two lake the same as both other methods did, and it 
had four assessments in common with the "best" method (AIA). However, the MTSI 
categorized Cuba Lake as moderately impacted while both the 181 and AIA said low 
impact. This comes as a surprise because Cuba Lake is rather unimpacted as 
compared to the other lakes in this study (except for Canadice). Although it is only one 
impact class off from the other two methods this is significant. Had it been the same it 
would have been one more lake for which all three methods produced the same result. 
One last point of interest regarding these three assessment techniques is the 
result produced for Waneta and Lamoka lakes. The AIA categorized them both as low 
impact, while the 181 and MTSI listed them as moderately impacted. These lakes are 
connected by a channel and were both formed by the impoundment of one creek. For 
this reason it is important that they both be categorized the same way - which they 
were in all accounts. I believe that had the AIA included one other measure, the 
percent volume infested (PVI) measure of macrophyte coverage, the assessment would 
have been moderately impacted. Throughout the summer these lakes are nearly 
completely covered with Eurasian watermilfoil, an invasive macrophyte which chokes all 
shallow areas out to a depth of around 8 feet. These blooms are implicated in a number 
of problems including loss of native macrophytes and stunted fish populations (Parnell 
et al. 2002). The incorporation of this "metric" into the AIA evaluation system would 
most likely have changed the outcome. 
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/Bl Metric Evaluation 
Although the 181 did not accurately assess the condition of all eight lakes, some 
metrics did show promise. Correlation analyses (Table 7) showed a significant negative 
relationship between road density and the #intolerant species metric, an intuitive result. 
Road density signifies human development of the watershed and thus pollution and 
disturbance to the system, and the species assumed to be affected first would be those 
that are intolerant to warming, decreased oxygen levels, turbidity, pollution, etc. 
However, road density also had a negative relationship with the # omnivorous species 
metric. This result does not support the previous finding because the more specialized 
species are usually lost first following impacts leaving more generalized (omnivores) 
forms to fill in the vacancies. Intuitively this should produce an increase in omnivorous 
species with an increase in impact (road density in this case). It may be possible to 
explain this by considering that the impacts might be more severe than we realize. 
Perhaps the level of impact is so great in these lakes that not only are the specialist 
feeders lost but even the omnivorous species are beginning to decrease as well. Since 
no metric was used that measured the number of specialist species there is no way to 
know for certain but this explanation seems plausible. One other significant correlation 
with road density is the negative relationship with the # benthic species metric. The 
species listed as benthic also happen to comprise 50% of the omnivorous species and 
50% of the intolerant species found in these lakes. Also, the# benthic species is rather 
highly correlated with both the #omnivorous species (r = 0. 767) and the #intolerant 
species (r = 0.776) metrics. The fact that each of those metrics were found to have a 
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negative relationship with road density, as did the # benthic species metric, persuades 
me that these results are reasonable. 
The # invertivore species was positively correlated with lake surface area. With 
an increase in surface area, and thus habitat, one would expect an overall increase in 
the number of fish species rather than one feeding guild . This result may be due to the 
fact that a large percentage of the fish present in these lakes are invertivorous. Also, 
the# invertivore species metric was found to be strongly correlated with the# species 
metric (r = 0.859) which may account for this result. 
Lake surface area was positively correlated with chloride ion concentration . The 
larger a lake is the greater the potential for residences to be built along its shores. With 
an increase in houses may come an increase in human waste and higher chloride 
levels. The use of perimeter sewers can alleviate or at least reduce this effect but for 
lakes of this size they are not an option. Therefore I can account for this result in the 
lakes studied. Another correlation, although not significant, supports this conclusion . 
Total phosphorus levels showed a positive correlation with chloride levels. Phosphorus 
has long been used as an indicator of human disturbance and therefore this result may 
be directly related to the previous one. 
Correlation analyses also showed that two of the twelve 181 metrics might be 
overly redundant. USEPA (1998) stated that a correlation coefficient of greater than or 
equal to 0.90 indicates metrics which are essentially measuring the same assemblage 
attribute. Of the metrics used in this project the # species and # native species metrics 
fit this description (r = 0.991 , Table 8). With the# native species metric being so similar 
in value to that of the# species it seems obvious that only one is needed. Having a 
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metric measuring exotic species(% exotic species) abundance also makes the native 
species metric dispensable. In fact, 181 scores were calculated again without the native 
species metric and no changes in lake classification resulted . 
Based on the correlation analyses it seems that a few of the metrics performed 
as desired. The # invertivorous species, #intolerant species, and # benthic species 
metrics clearly separated the lakes studied (Figures 9, 10, 14 ). Had the sample size 
been larger, the range for detecting significance would have been greater and 
additional, or perhaps different, metrics may have shown promise. Lake surface area, 
road density in the watershed, and chloride ion levels seem to be important influences 
on at least some of the 12 fish metrics studied; however, this doesn't necessarily mean 
any of the metrics can estimate the lake system's integrity as a whole. 
Comparison of Assessment Methods 
Each of the methods used to assess the lakes in this study has its own benefits 
and limitations. Canadice Lake is the most pristine lake analyzed in this study, yet the 
181 classified it as moderately impacted. Possible reasons for this have been presented, 
however, there may be additional explanations. The 181 provides information about fish 
assemblages using metrics which respond to human impacts. However, fish are hardy 
animals and the effects of chronic impacts may not be manifested in the fish 
assemblage metrics as they are. For example, a change in the number of omnivorous 
fish due to pollution or loss of habitat may not be detectable for years. This holds true 
for most of the metrics used in this study, and in most others. Metrics which incorporate 
effects on water quality parameters, habitat suitability, or macrophyte community status 
would be much more informative. The use of metrics such as these in conjunction with 
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the standard fish metrics, such as those used in this study, would increase the ability of 
the 181 and its use in assessments. 
The modification of the Trophic State Index had limited value as a stand-alone 
assessment method. The MTS! accurately assessed Canadice and Neatahwanta (the 
best and worst lakes) and did well with a few other lakes as well. Where the MTSI 
failed was in its scope. This index is very focused on water quality parameters yet it 
completely ignores all other data. In fact, this index is based on only three measures of 
water quality which are assumed to be indicative of trophic state and human impact. As 
seen in the case of Silver Lake, MTSI score 47%, even if the three measures of the 
MTSI indicate a rather highly impacted lake there may be little if any detriment to the 
fish community (rated "Low" impact by 181; Table 4c). One other serious problem with 
this index is how "worked over" the data seems. After calculating one index and using 
those values to calculate another it is hard to feel confident in what results we are 
seeing. It would be better to use the TSI as is, although not as a single assessment tool 
but rather in conjunction with other indices or metrics to look at a wider range of 
parameters. 
The AIA was assumed to be the ·most accurate method in this study because it 
used measures that are directly related to human impact. The majority of assessments 
based on this method seemed correct in this study, yet this method also has its 
limitations. An example is the assessment of Lamoka Lake and Waneta Lake. These 
lakes were both rated as "Low" impact by the AIA but they actually do have some 
serious impacts. The shallow areas of these takes are completely dominated by the 
invasive macrophyte Eurasian watermilfoil (M. spicatum). This plant has been found to 
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be quite detrimental to the fish assemblages in the lakes but this is not detectable using 
the AIA (Parnell et al. 2002). The AIA needs the incorporation of some biotic response 
variables, such as 181 fish metrics or macrophyte infestation measures. 
The assessment of a complex lake system requires a robust composite method 
that measures biotic and abiotic factors with reasonable detection limits. The best 
assessment method would be one that incorporated the best attributes of the 181, MTSI , 
and AIA. A selection of 181 metrics, including some that incorporate habitat suitability or 
macrophyte evaluations, used with MTSI data and AIA measures may provide the 
information needed to more accurately assess lakes. The preliminary results of a 
rudimentary attempt at this approach (Table 4c) seem promising. The overall impact 
levels based on the results of the 181, MTSI , and AIA give a broader view of the status of 
each lake and provide an accurate assessment relative to the data provided. These 
results support the development of a comprehensive index incorporating several types 
of lake data. 
Conclusions 
Based on the data presented here, the Index of Biotic Integrity did not 
consistently agree with the amount of anthropogenic impact on, and thus the "ecological 
health" of, the eight lakes in this study. The AIA shows more ability to function in this 
capacity, and some promise was seen in the modified scoring of TSI calculations. 
Some of the metrics used to assign total 181 scores also showed promise. A number of 
factors may have contributed to the inconsistent 181 assessments. First, the number of 
lakes used in the study was very small, and a much larger number of lakes are needed 
for this type of work. At a significance level of p < 0.05 the MTSI and 181 percentage 
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scores were not statistically different between impact classes, but for the 181 percentage 
scores the Kruskal-Wallis result wasp= 0.067 which is not very far beyond the 
significance level. However, a larger number of lakes may not make a difference. In a 
study of 60 lakes in Florida using similar methods of assessments, the 181 was also 
unable to correctly estimate anthropogenic impact (Schulz et al. 1999). Thus, the near 
significance of results for my small set of lakes suggests that the set of 181 metrics 
chosen for this study area has some value. 
The data available for metric scoring was incomplete at best. In order to even 
begin to accurately assess a lake based on the fish assemblage one must exhaustively 
sample it. Second hand data, such as the majority of those used here, are of little or no 
use due their lack of completeness and disregard for the smallest species, which are in 
many cases the most important for determining the health of a lake. The minnows and 
darters are some of the most specialized species of fishes, and thus are used in a 
number of 181 metrics, both in my study and numerous others. These species are also 
some of the most intolerant fish due to their size and strict habitat requirements. If small 
species are ignored or missed in sampling, the quality of the index as a whole is greatly 
diminished. The task of so rigorously sampling a large number of lakes is daunting to 
say the least. The costs in equipment, manpower, time, etc. are prohibitively high and 
therefore out of reach for most groups (or thesis projects). With proper sampling effort 
and technique I believe the ability of the 181 to accurately assess a lake would increase 
substantially. However, such an increase in effort decreases the efficiency of the 181 as 
a management tool. 
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The metrics used in calculating an Index of Biotic Integrity may have value 
outside the management realm however. By sampling a system more comprehensively 
and classifying the fish as I did, it may be possible to develop a stronger understanding 
of the fish community. In studies which seek to assess the impacts of a project on an 
aquatic resource or fishery over time, sampling at regular intervals before and after 
modifications occur may allow this type of metric approach to be used effectively. The 
actual calculation of the IBI can thus be secondary, if needed at all. 
The metrics used in an IBI describe fish assemblage characteristics well , 
however, in order to correctly assess a lake more factors need to be addressed. The 
development of metrics which incorporate water quality, macrophyte characteristics, 
and watershed factors into their measure of a fish assemblage would be much more 
indicative of the overall health of a lake. The integration of such metrics into an IBI 
could produce a much more reliable and accurate lake assessment which may be more 
acceptable to the general public as well as other researchers. Therefore, it seems that 
a conglomerate index, utilizing the strengths of the IBI, MTSI , and AIA, would be most 
useful in assessing the status of an aquatic resource. 
The Index of Biotic Integrity at the present has limited use as a tool for the 
estimation or assessment of the lakes I studied in terms of "overall integrity." 
Environmental and logistical factors affect both the distribution of fish species in a lake 
and the researcher's ability to effectively sample them. A much better understanding of 
these factors and ways to work around them is needed before the IBI can be used as an 
efficient and effective lake ecosystem management tool. Lake systems differ in so 
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many ways from each other that more modification is needed in the approach to using 
this index before it is employed outside of the streams for which it was developed. 
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Table 1. Classes of biological integrity with corresponding 181 scores based on the sum 
of 12 metrics (modified from Fausch et al. 1990).) 
Integrity Attributes % Total 181 
class score 
Excellent Comparable to habitats with no human disturbance; all 96-100 
species present which are expected for lake size, trophic 
state, and habitat, with full array of size classes; very few or 
no non-native fish and DEL T* individuals; balanced trophic 
structure 
Good Species diversity slightly below expected (loss of intolerant 80-89 
forms); some species with lower abundance or size 
distributions than ideal; slightly stressed trophic structure; 
very few non-native or DEL T fish 
Fair Loss of intolerant forms, lowered species diversity, reduced 62-71 overall abundances; tropic structure skewed toward 
omnivores and tolerant species; older age-classes are rare; 
higher levels of introduced and/or DEL T fish 
Poor Assemblage dominated by a few species, mostly omnivores, 44-56 
tolerant forms, habitat generalists, or introduced species; few 
top carnivores; numerous missing age-classes; abundance, 
growth, and condition depressed; moderate levels of DEL T 
fish 
Very Poor Few fish present, most are introduced or tolerant species; 
high incidence of DEL T fish 
20-38 
*DEL T = Deformities, Erosion, Lesions, Tumors. 
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Table 2. Watershed and chemical characteristics for eight NY lakes: lake surface area (SA), watershed surface area, 
watershed road density, watershed land use, shoreline land use; chlorophyll- a, total phosphorus TP, total Kjeldahl 
nitrogen (TKN), nitrate, dissolved oxygen (DO), Secchi depth, and maximum depth. Water samples were 
collected on June 26-28 (Spring), August 27- September 1(Summer), and October 1-7 (Fall). 
Watershed SA Watershed Road density Watershed land use Shoreline land use 
(km"2) (km"2) (kmlkm"2) % urb %ag % forest % res %und % oth 
Cuba 2.0 66.0 0.7 10 10 80 80 10 10 
Silver 3.4 40.9 1.0 30 40 30 70 20 10 
Canadice 2.7 33.6 0.8 10 0 90 0 100 0 
Waneta 3.3 26.2 1.1 30 40 30 70 30 0 
Lamoka 2.4 90.7 1.3 30 40 30 70 30 0 
Neatahwanta 3.0 41.0 2.5 50 40 10 0 80 20 
Panther 1.3 17.0 4.4 30 10 60 70 30 0 
Cross 7.8 101.2 1.4 40 40 20 80 10 10 
Lake Chlor - a TP TKN Nitrate Chloride DO Secchi Max depth 
(uq!L) (uq/L) (uq/L) (uq!L) (mq/L) (mq/L) (meters) (meters) 
Cuba 17.9 16.8 420.0 0.0 13.5 9.1 1.7 19.9 
Silver 17.3 47.6 733.3 20.0 48.1 8.7 1.8 11.3 
Canadice 2.1 5.9 406.7 0.0 32.4 9.6 6.3 29.0 
Waneta 16.6 44.3 856.7 0.0 26.4 9.7 1.2 8.8 
Lamoka 7.7 12.2 663.3 13.0 20.2 9.0 1.9 14.3 
Neatahwanta 71 .3 129.3 1433.3 0.0 66.1 9.9 0.4 3.7 
Panther 3.9 11.9 833.3 20.0 9.6 9.0 2.4 7.9 
Cross 28.6 58.0 1170.0 65.0 151.0 8.9 0.7 19.8 
l.O 
(V) 
Table 3. Trophic State Index (TSI) calculations based on Secchi depth, 
chlorophyll-a , and total phosphorus for eight New York lakes. 
Lake Secchi TSI Chlor - a TSI Total Phosphorus TSI 
(meters) value (ug/L) value (ug!L) value 
Cuba 1.7 52.8 17.9 58.9 16.8 44.8 
Silver 1.8 51.9 17.3 58.6 47.6 59.9 
Canadice 6.3 33.6 2.1 37.7 5.9 29.7 
Waneta 1.2 58.0 16.6 58.1 44.3 58.8 
Lamoka 1.9 50.6 7.7 50.6 12.2 40.2 
Neatahwanta 0.4 72.2 71 .3 72.4 129.3 74.3 
Panther 2.4 47.3 3.9 43.9 11 .9 39.8 
Cross 0.7 65.1 28.6 63.5 58.0 62.7 
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Table 4. Results of three assessment methods for the study lakes. 
a) Anthropogenic Impact Assessment (AIA) method includes chloride, road 
density, and watershed and shoreline land use (see Table 2 also). b) Modified 
Trophic State Index (MTSI) method includes 181-like scoring of Secchi depth, 
chlorophyll-a, and total phosphorus (see Table 3 also). c) Comparison of all 
methods including Index of Biotic Integrity (181) using 12 fish metrics; overall 
impact rating based on results of three methods. 
a. Anthropogenic Impact Assessment (A/A) 
Lake Chloride Impact Road density Impact Shoreline Watershed Overall impact 
(mg/L) level (km/km"2) level land use land use level 
Cuba 13.5 L 0.7 L H L L 
Silver 48.1 M 1 L H M M 
Canadice 32.4 L 0.8 L L L L 
Waneta 26.4 L 1.1 L H M L 
Lamoka 20.2 L 1.3 L H M L 
Neatahwanta 66.1 M 2.5 H L H H 
Panther 9.6 L 4.4 H H L M 
Cross 151 .0 H 1.4 M H H H 
b. Modified TS/ assessment (MTS/) 
Lake TSI scores Total % of total Impact 
Secchi ch/or-a Total phos. score possible level 
Cuba 3 3 3 9 60 M 
Silver 3 3 1 7 47 M 
Canadice 5 5 5 15 100 L 
Waneta 3 3 1 7 47 M 
Lamoka 3 3 3 9 60 M 
Neatahwanta 1 1 1 3 20 H 
Panther 3 3 3 9 60 M 
Cross 1 1 1 3 20 H 
c. c ompar1son o f A/A MTS/ d /Bl , , an t assessmen s 
Lake AIA MTSI 181 Overall 
impact impact impact impact 
level level level level 
Cuba L M L L+ 
Silver M M L M-
Canadice L L M L+ 
Waneta L M M M-
Lamoka L M M M-
Neatahwanta H H H H 
Panther M M M M 
Cross·. H H l M+ 
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Table 5. Names and classifications of 48 fish species found in eight New York lakes 
(TC/PIS= top carnivore/piscivore, INV= invertivore, OMN =omnivore, OTH =other, 
VEG= vegetation/phytophilic, SMBEN =small benthic, BEN= benthic, INTOL =intolerant, TOL =tolerant). 
Family Common name Species #lakes Trophic Habitat Tolerance Origin 
Lepisostiidae Longnose gar Lepisosteus osseus 1 TC/PIS VEG OTHER NATIVE 
Amiidae Bowfin Amia ca/va 2 TC/PIS VEG OTHER NATIVE 
Clupeidae Alewife Alosa psuedoharengus 3 INV OTH INTOL EXOTIC 
Gizzard shad Dorosoma cepidium 2 INV OTH TOLER NATIVE 
Cyprinidae Golden shiner Notemigonus crysoleucas 8 OMN VEG TOLER NATIVE 
Common carp Cyprinus carpio 7 OMN VEG TOLER EXOTIC 
Fathead minnow Pimephales prome/as 1 OMN OTH TOLER NATIVE 
Bluntnose minnow Pimephales notatus 3 OMN OTH TOLER NATIVE 
Blacknose dace Rhinicthys atratu/us 2 INV SM BEN TOLER NATIVE 
Common shiner Luxilus cornutus 1 INV OTH OTHER NATIVE 
Spottail shiner Notropis hudsonius 3 INV SM BEN INTOL NATIVE 
Spotfin shiner Cyprinella spiloptera 1 INV OTH OTHER NATIVE O'l (V) 
Stoneroller minnow Campostoma anomalum 1 OMN SM BEN INTOL NATIVE 
Goldfish Carassius auratus 3 OMN VEG TOLER EXOTIC 
Rudd Scardinius erythrophtha!mus 3 INV OTH OTHER EXOTIC 
Catastomidae White sucker Catastomus commersoni 7 OMN BEN TOLER NATIVE 
Quillback Carpiodes cyprinus 1 OMN BEN OTHER NATIVE 
Redhorse sucker Moxostoma spp. 3 OMN BEN INTOL NATIVE 
Northern hog sucker Hypentelium nigricans 1 OMN BEN INTOL NATIVE 
Lake chubsucker Erimyzon sucetta 3 INV VEG OTHER NATIVE 
lctaluridae Channel catfish /ctalurus punctatus 1 INV VEG OTHER NATIVE 
Brown bullhead Ameiurus nebulosus 8 INV OTH TOLER NATIVE 
Yellow bullhead Ameiurus natalis 2 INV OTH TOLER NATIVE 
Esocidae Northern pike Esox lucius 4 TC/PIS VEG OTHER NATIVE 
Chain pickerel Esox niger 4 TC/PIS VEG TOLER NATIVE 
Muskellunge Esox masquinongy 1 TC/PIS VEG INTOL NATIVE 
Tiger muskellunge E. masquinongy XE. lucius 1 TC/PIS VEG OTHER NATIVE 
Umbridae Central mudminnow Umbra limi 1 INV VEG TOLER NATIVE 
Osmeridae Rainbow smelt Osmerus mordax 1 INV OTH OTHER EXOTIC 
Salmonidae Lake trout Salvelinus namaycush 1 TC/PIS OTH INTOL NATIVE 
Rainbow trout Oncorhyncus mykiss 1 TC/PIS OTH INTOL EXOTIC 
Brown trout Sa/mo trutta 1 TC/PIS OTH INTOL NATIVE 
Percopsidae Trout-perch Percopsis omiscomaycus 1 INV SM BEN OTHER NATIVE 
Atherinidae Brook silverside Labidesthes sicculus 1 INV OTH OTHER NATIVE 
Cyprinodontidae E. banded killifish Fundu/us diaphanus 3 INV VEG TOLER NATIVE 
Moronidae White perch Morone americana 2 INV OTH TOLER NATIVE 
Sciaenidae Freshwater drum Aplodinotus grunniens 1 INV OTH TOLER NATIVE 
0 
Centrarchidae Largemouth bass Micropterus salmoides 8 TC/PIS VEG' OTHER NATIVE <:1" 
Smallmouth bass Micropterus dolomieu 7 TC/PIS OTH OTHER NATIVE 
Bluegill Lepomis macrochirus 8 INV OTH OTHER NATIVE 
Pumpkinseed Lepomis gibbosus 8 INV VEG OTHER NATIVE 
Rockbass Ambloplites rupestris 6 INV OTH OTHER NATIVE 
Black crappie Pomoxis nigromacu/atus 7 TC/PIS VEG OTHER NATIVE 
White crappie Pomoxis annularis 2 TC/PIS VEG TOLER NATIVE 
Percidae Yellow perch Perea flavescens 8 INV VEG OTHER NATIVE 
Log perch Percina caprodes 1 INV SMBEN INTOL NATIVE 
Johnny darter Etheostoma nigrum 3 INV SM BEN OTHER NATIVE 
Walleye Stizostedion vitreum 4 TC/PIS OTH OTHER NATIVE 
Table 6. Metric data, metric scores (in parentheses), total 181 scores, 
% 181 scores, 181 integrity class and impact levels for e ight New York lakes. 
Lake # # Pisci- Omni- lnverti- # # % Phyto-
species native vores vores vores Intolerant Tolerant philic 
Cuba 18(5) 18(5) 6(5) 5(1) 9(5) 3(5) 5(3) 0.44(3) 
Silver 20(5) 20(5) 5(5) 8(1) 11(5) 2(3) 10(1) 0.50(1) 
Canadice 13(3) 13(3) 6(5) 4(3) 8(3) 4(5) 7(1) 0.38(3) 
Waneta 15(5) 15(5) 5(5) 5(1) 9(5) 2(3) 7(1) 0. 73( 1) 
Lamoka 16(3) 16(3) 4(3) 4(3) 11 (5) 2(3) 8(1) 0.63(1) 
Neatahwanta 13(3) 13(3) 4(3) 3(3) 8(3) 0(1) 6(3) 0.62(1) 
Panther 14(3) 15(5) 6(5) 2(5) 7(3) 0(1) 5(3) 0.57(1) 
Cross 22(5) 23(5) 8(5) 4(3) 13(5) 2(3) 8(1) 0.50(1) 
Lake % # # Small Total IBI % of to tal Integrity Impact 
Exotic Benthic cyprinid benthic score possible class level 
Cuba 0.06(5) 6(5) 4(5) 3(5) 52 87 Good L 
Silver 0.15(3) 4(5) 5(5) 1(3) 46 77 Good L 
Canadice 0.31(1) 2(3) 4(5) 0(1) 36 60 Fair M 
Waneta 0.27(1) 2(3) 4(5) 1(3) 38 63 Fair M 
Lamoka 0.19(3) 4(5) 5(5) 3(5) 42 70 Fair M 
Neatahwanta 0.15(3) 1(1) 3(3) 0(1) 28 47 Poor H 
Panther 0(5) 0(1) 4(5) 0(1) 38 63 Fair M 
Cross 0.05(5) 4(5) 4(5) 1(3) 46 77 Good L 
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Table 7: Pearson correlation coefficients and p-values for correlations between 
trophic state index (TSI), chlorophyll-a concentrations, lake surface area (SA), 
Secchi depth, watershed road density (RD), and chloride ion concentrations 
and 12 fish assemblage metrics used in the 18 1 for eight New York lakes; and 
correlations between total 181 scores, MTSI scores, and chloride concentrations 
(all values were ln(x+1) transformed). 
avg. TSI p chlor-a p 
SA 0.495 0.212 0.485 0.223 
TP 0.964 0 0.938 0.001 
#species 0.362 0.379 0.312 0.452 
#native 0.343 0.406 0.276 0.508 
# piscivorous -0.173 0.683 -0.193 0.648 
# omnivorous 0.159 0.708 0.188 0.656 
# inverti vorous 0.364 0.375 0.329 0.426 
# intolerant -0.390 0.339 -0.310 0.455 
# tolerant 0.128 0.762 0.080 0.850 
% phytophilic 0.483 0.225 0.338 0.413 
% exotic -0.261 0.532 -0.196 0.642 
# benthic 0.142 0.737 0.227 0.589 
# Cyprinid ·0 .027 0.950 -0.074 0.861 
# sm. benthic 0.127 0.765 0.130 0.758 
181 scores p chloride p 
MTSI scores 0.229 0.585 -0.734 0.038 
chloride -0.172 0.684 
- -
Bold italics rep resen t s tatistically significant results (p<0.05) 
<ifijji)epresents strong but not significant correlation (p<0.1) 
SA 
-
0.545 
0.607 
0.591 
0.403 
0.348 
0.768 
0.285 
0.601 
-0.042 
0.064 
0.436 
-0.028 
0.073 
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p RD p chloride p 
-
0.327 0.430 0.925 0.001 
0.162 0.143 0.735 0.655 "-0.078) 
0.111 -0.373 0.363 0.416 0.305 
0.123 -0.267 0.522 0.397 0.330 
0.322 -0.087 0.838 0.226 0.591 
0.398 -0.803 0.017 0.244 0.561 
0.026 -0.470 0.239 0.606 0.111 
0.495 -0.934 0.001 0.069 0.871 
0.115 -0.425 0.294 0.571 0.140 
0.921 0.377 0.358 -0.082 0.847 
0.880 -0.525 0.181 0.089 0.833 
0.280 -0.862 0.006 0.267 0.523 
0.947 -0.216 0.608 -0.022 0.958 
0.864 -0.559 0.150 -0.168 0.691 
Table 8: Pearson correlation coefficients between 12 metrics used to calculate the Index of Biotic Integrity 
(all values were ln(x+1 ) transformed). 
#species #native # piscivorous # omnivorous # invertivorous # intolerant #tolerant % phytophilic % exotic # benthic # Cyprinid 
#native 0.991 
- -
- - - - - - - -
# piscivorous 0.479 0.544 - - - - - - - - -
# omnivorous 0.574 0.475 -0.054 - - -
- - -
. 
-
# invertivorous 0.859 0.818 0.214 0.569 - - - - - - -
# intolerant 0.374 0.300 0.294 0.668 0.453 
- - - - - -
#tolerant 0.488 0.435 -0.098 0.670 0.739 0.400 
- - - -
-
% phytophilic -0.202 -0.198 -0.546 -0.170 -0.024 -0.478 0.017 - - - -
% exotic -0.420 -0.507 -0.435 0.356 -0.055 0.462 0.396 0.105 - - -
# benthic 0.691 0.601 0.109 0.767 0.751 0.776 0.460 -0.302 0.138 -
-
# Cyprinid 0.329 0.278 -0.484 0.514 0.494 .0.180 0.697 0.11 1 0.154 0.393 -
# sm. benthic 0.580 0.520 -0.079 0.505 0.597 0.514 0.189 0.079 -0.083 0.808 0.462 
Bold i talic represents Pearson correlation coefficients >0.90 
(V) 
<:t 
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Figure 2. Graph of Secchi depth TSI calculation for eight New York lakes. Lakes were assigned scores for this metric based on which division (5, 3, 1) 
their value was found in. High TSI values represent small Secchi depth measurements. 
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Figure 3. Graph of chlorophyll-a TSI calculation for eight New York lakes. Lakes were assigned scores for this metric based on which division (5, 3, 1) 
their value was found in. High TSI values represent high chlorophyll-a measurements. 
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Figure 4. Graph of total phosphorus TSI calculation for eight New York lakes. Lakes were assigned scores for this metric based on which division (5, 3, 
1) their value was found in. High TSI values represent high phosphorus measurements. 
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Figure 5. Graph of the number of fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on which division 
(5, 3, 1) their value was found in. 
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which division (5 , 3, 1) their value was found in. 
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which division (5, 3, 1) their value was found in. 
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Figure 1 O. Graph of the number of intolerant fish species found in each of eight New York fakes. Lakes were assigned scores for this metric based on 
which division (5, 3, 1) their value was found in. 
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Figure 11 . Graph of the number of tolerant fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on 
which division (5, 3, 1) their value was found in. 
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Figure 12. Graph of the percent of phytophilic fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on 
which division (5, 3, 1) their value was found in. 
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Figure 13. Graph of the percent of exotic fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on which 
division (5, 3, 1) their value was found in. 
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Figure 14. Graph of the number of benthic fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on 
which division (5, 3, 1) their value was found in. 
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Figure 15. Graph of the number of cyprinid fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on 
which division (5, 3, 1) their value was found in. 
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Figure 16. Graph of the number of small benthic fish species found in each of eight New York lakes. Lakes were assigned scores for this metric based on 
which division (5, 3, 1) their value was found in. 
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Appendix 1. Raw water quality data for eight New York lakes. 
Date Secchi 0.0. Chi or-a TP Chloride Nitrate TKN 
(m) (mg/L) (ug/L) (ug/L) (mg/L) (ug/L) (ug/L) 
Cuba 6/28/2001 2.1 7.4 19.3 16.2 17.3 0.0 410.0 
Cuba 9/1/2001 1.1 9.8 20.9 16.7 13.5 0.0 660.0 
Cuba 10/1 /2001 1.8 10.0 13.4 17.4 9.8 0.0 190.0 
Silver 6/28/2001 1.8 9.0 11 .0 35.5 50.0 0.0 940.0 
Silver 9/1/2001 1.5 8.5 20.0 40.0 62.0 0.0 740.0 
Silver 10/1/2001 2.0 8.6 21 .0 67.4 32.3 70.0 520.0 
Canadice 6/28/2001 5.5 9.4 2.5 6.1 32.0 0.0 920.0 
Canadice 9/1/2001 6.3 9.4 1.8 5.7 32.0 0.0 0.0 
Canadice 10/1/2001 7.0 10.0 1.9 5.8 33.3 0.0 300.0 
Waneta 6/28/2001 1.0 9.3 23.0 42.8 24.0 0.0 1590.0 
Waneta 9/1/2001 1.2 10.0 14.4 59.3 31 .7 0.0 620.0 
Waneta 10/1/2001 1.3 9.7 12.3 30.9 23.5 0.0 360.0 
Lamoka 6/28/2001 1.8 9.0 8.0 15.1 18.0 0.0 1460.0 
Lamoka 9/1/2001 1.8 8.2 8.1 5.7 24.5 0.0 330.0 
Lamoka 10/1/2001 2.3 9.8 6.9 15.7 18.0 40.0 200.0 
Neatahwanta 6/26/2001 0.5 10.0 14.0 126.5 82.0 0.0 1370.0 
Neatahwanta 8/27/2001 0.3 9.6 105.0 139.8 68.4 0.0 970.0 
Neatahwanta 10/7/2001 0.5 10.0 95.0 121 .6 48.1 0.0 1960.0 
Panther 6/26/2001 2.5 8.8 0.8 14.3 8.0 10.0 1040.0 
Panther 8/27/2001 2.0 8.3 8.0 10.1 11 .0 0.0 1030.0 
Panther 10/7/2001 2.8 10.0 2.8 11.2 9.8 40.0 430.0 
Cross 6/26/2001 0.4 7.6 5.3 68.2 167.0 1030.0 1040.0 
Cross 8/27/2001 0.8 10.0 77.0 50.3 164.0 140.0 2180.0 
Cross 10/7/2001 1.0 9.2 3.6 55.6 122.0 780.0 290.0 
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Appendix 2. Fish presence-absence data for eight New York lakes (1 = present). 
Common name Waneta Lamoka Canadice Panther Neatahwanta Cuba Silver Cross 
Lake trout 1 
Rainbow 1 
Brown 1 
Northern pike 1 1 1 1 
Chain pickerel 1 1 1 1 
Muskuskellunge 1 
Tiger musky 1 
Walleye 1 1 1 1 
Longnose gar 1 
Yellow perch 1 1 1 1 1 1 1 1 
Logperch 1 
Johnny darter 1 1 1 
Bowfin 1 1 
Largemouth 1 1 1 1 1 1 1 1 
Smallmouth 1 1 1 1 1 1 1 
Bluegill 1 1 1 1 1 1 1 1 
Pumpkinseed 1 1 1 1 1 1 1 1 
Rockbass 1 1 1 1 1 1 
Black crappie 1 1 1 1 1 1 1 
White crappie 1 1 
Channel catfish 1 
Brown bullhead 1 1 1 1 1 1 1 1 
Yellow bullhead 1 1 
White sucker 1 1 1 1 1 1 1 
Redhorse sucker 1 1 1 
Northern hognose 1 
Golden shiner 1 1 1 1 1 1 1 1 
Common carp 1 1 1 1 1 1 1 
Lake chubsucker 1 1 1 
Quillback 1 
Bluntnose minnow 1 1 1 
Blacknose dace 1 1 
Common shiner 1 
Brook silverside 1 
Spottail shiner 1 1 1 
Spotfin shiner 1 
Stone roller 1 
Goldfish 1 1 1 
Mudminnow 1 
Easternbanded killifish 1 1 1 
Rainbow smelt 1 
Alewife 1 1 1 
Gizzard shad 1 1 
Rudd 1 1 1 
White perch 1 1 
Trout-perch 1 
Freshwater drum 1 
Fathead minnow 1 
Total# species 19 19 18 15 15 19 23 24 
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Appendix 3. Results for Kruskal-Wallis tests of 181 and MTSI scores and impact level classes. 
% 181 score vs 181 impact level % 181 score vs AIA impact level 
181 level N Median Ave Rank Z AIA level N Median Ave Rank Z 
H 1 46.67 1.0 -1 .53 H 2 61.67 4.0 -0.33 
L 3 76.67 6.8 2.09 L 4 66.67 4.8 0.29 
M 4 63.33 3.6 -1 .01 M 2 66.67 4.5 0.00 
Overall 8 4.5 Overall 8 4 .5 
H = 5.27 DF = 2 P = 0.072 H = 0.13 OF = 2 P = 0.939 
H = 5.40 DF = 2 P = 0.067 (adj. for ties) H = 0.13 DF = 2 P = 0.938 (adj. for ties) 
% MTSI score vs MTSI impact level % MTSI score vs AIA impact level 
MTSI level N Median Ave Rank Z AIA level N Median Ave Rank Z 
H 1 20.00 1.5 -1 .31 H 2 20.00 1.5 -2.00 
L 2 80.00 7.0 1.67 L 4 60.00 5.9 1.59 
M 5 47.00 4.1 -0.6 M 2 53.50 4.8 0.17 
Overall 8 4.5 Overall 8 4.5 
H = 3.72 DF =2 p = 0.156 H = 4 .28 OF= 2 p = 0.118 
H = 4.00 OF =2 P = 0.135 (adj. for ties) H = 4.61 DF = 2 P = 0.100 (adj. for ties) 
62 
